The family, reported on, have a syndrome of prolonged Q-T interval, potentially fatal episodes of ventricular arrhythmias, and normal hearing. The direct familial transmission demonstrated in this pedigree is consistent with an autosomal dominant mode of inheritance. To protect other members of the family from the consequences of ventricular arrhythmia experienced by the irreversibly brain-damaged index patient, a series of physiologic investigations was undertaken on this patient in a search for a suitable prophylactic medical regimen. The attacks of ventricular arrhythmia were found to be precipitated by increase in systemic pressure, sinus tachyeardia, and extrasystoles occurring in the supernornal phase of repolarization (R in T syndrome). Propranolol was demonstrated to be an effective agent in preventing the ventricular arrhythmia in the index case and in other family members. Since administration of the beta-adrenergic stimulator isoproterenol did not produce ventricular fibrillation, it is assumed that the action of propranolol in preventing ventricular arrhythmia is not mediated through beta-adrenergic blockade, but through its direct antiarrhythmic properties. The subject experienced no ill effect from the series of investigations.
SUMMARY
The family, reported on, have a syndrome of prolonged Q-T interval, potentially fatal episodes of ventricular arrhythmias, and normal hearing. The direct familial transmission demonstrated in this pedigree is consistent with an autosomal dominant mode of inheritance. To protect other members of the family from the consequences of ventricular arrhythmia experienced by the irreversibly brain-damaged index patient, a series of physiologic investigations was undertaken on this patient in a search for a suitable prophylactic medical regimen. The attacks of ventricular arrhythmia were found to be precipitated by increase in systemic pressure, sinus tachyeardia, and extrasystoles occurring in the supernornal phase of repolarization (R in T syndrome). Propranolol was demonstrated to be an effective agent in preventing the ventricular arrhythmia in the index case and in other family members. Since administration of the beta-adrenergic stimulator isoproterenol did not produce ventricular fibrillation, it is assumed that the action of propranolol in preventing ventricular arrhythmia is not mediated through beta-adrenergic blockade, but through its direct antiarrhythmic properties. The subject experienced no ill effect from the series of investigations.
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Isoproterenol Propranolol A SYNDROME characterized by potentially fatal repetitive episodes of ventricular arrhythmias, a prolonged Q-T interval on the electrocardiogram, and deaf-mutism was fitst described in 1957 by Jervell and Lange-Nielsen." 2 These families and others3 with deaf-mutism presented with an autosomal recessive pattern of inheritance.
Later Romano and his associates4 and Ward5 described families having a prolonged Q-T interval in which sudden death also occurred. In these and other similar families, however, Supported by a grant from The National Foundation and Grants HE 5756 and FR-00188 from the National Institutes of Health, U. S. Public Health Service.
Paper was presented before the meeting of the American College of Cardiology, New York, February 27, 1969. hearing was normal, and direct familial transmission was consistent with an autosomal dominant mode of inheritnce.47
This report concerns a family ( fig. 1 ) in which a mother and two of her four sons have a prolonged Q-T interval and have had repeated episodes of loss of consciousness associated with ventricular tachycardia or fibrillation. Their hearing and mental development are normal. The maternal grandmother is also reported to have a history of fainting episodes as a child which disappeared in adulthood, but her ECG is normal at present.
Report of Cases
The 3-year-old boy was comatose, on admission to the Texas Children's Hospital on March 9, 1968, following cardiac arrest and resuscitation by the mother. He has never regained consciousness and neurologic evaluation indicates irreversible brain damage.
At 20 months of age the first of the syncopal attacks began, each initiated by excitement or physical stress. He fully recovered from the early episodes without neurologic damage. The attacks '.4 were diagnosed as "breath holding" spells or "hypoxic crises," and diphenyihydantoin and phenobarbital had been prescribed without apparent benefit. Oni admissioni, the child was unconscious and unresponsive to stimuli: the pupils were constricted; the respiratory rate was 30/mmn; the pulse rate, 8O/min; and the blood pressure, 110/80. The heart was no-t enlarged; there was no significant murmur; and the heart sounds were normal. The lungs were clear.
The concentration of hemoglobin was 13.8 g/ 100 ml; the hematocrit was 44%; serum sodium, 140 mEq/L; potassium, 4.1 mEq/L; chloride, 101 mEq/L; GO2, 11.5 mEq/L; fasting blood sugar, 105 mg/ 100 ml; calcium, 9.5 At various times the following types of medication were employed unsuccessfully in an effort to prevent the arrhythmia from recurring: digitalis; diphenylhydantoin; glucose, potassium, and insulin solution of So-di-Pallares and his co-workers8; lidocaine; diazepam; and calcium.
During observation the ECG was monitored on tape for six periods of 10 hours each. The T wave changed from tall and peaked to low voltage and notched, but with each change the Q-T interval remained prolonged, without change in the QRS complex. Following digitalization the Q-T interval shortened and the T-wave morphology became 
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.oI T, Case 2. BH The brother of patient 1, who is 11 years old, has had 20 to 25 episodes similar to those described in his sibling. At the age of 4 years, while swimming, he had his first episode of loss of cDnsciousness. Mouth-to-mouth resuscitation was given, and he regained consciousness in 1 min. Each of these episodes has been associated with swimming, running, or bicycling. He always swims with relatives near at hand who are ready to give him artificial respiration if needed. The resting electrocardiogram showed slight Q-T interval prolongation which became further prolonged after exercise ( fig. 4 ). The chest x-rays were normal. To protect the other family members from the disastrous consequences of ventricular arrhythmia experienced by our first patient, a series of investigations was undertaken in a search for a suitable prophylactic medical regimen in the irreversibly brain-damaged patient.
The studies of Fastier and Smirk,9 in dogs and cats, demonstrated that amarin (2:4:5 triphenyldihydroiminazole) produced a prolongation of the Q-T interval in cats and dogs, with no change in the blood level of calcium or potassium. In these experimental animals, when epinephrine was injected intravenously in small amounts (5 )mg/kg), ventricular fibrillation was produced.
In an effort to determine if our braindamaged patient would demonstrate a similar response to epinephrine, we administered 5 jug/kg intravenously ( fig. 5) 
Figure 6
Ventricular fibrillation produced after infusiotn of pheniylephrine, 0.1 mg/kg. and the arrhythmia was converted to sinus rhythm within 10 seconds. In a similar manner, an alpha-adrenergic stimulator (phenylephrine, 0.1 mg/kg) was administered ( fig. 6 ), and fibrillation was again produced.
A beta-adrenergic stimulator (isoproterenol, 0.5 (kg/kg) was administered intravenously ( fig. 7 ), but in spite of marked tachycardia, fibrillation was not produced. However, with this drug a new reaction was observed, a rate related shortening of the Q-T interval (as in normal subjects). Acetylcholine was administered in a dose of 3 mg/kg, and a severe asthmatic episode was observed with no change in the ECG.
Three subsequent courses of administratioTI of these same drugs were given following premedication with atropine (0.01 mg/kg), an alpha-adrenergic blocking agent (phentolamine, 0.1 mg/kg), and a beta-adrenergic Circulation, Volume XLI, January 1970 blocking agent (propranolol, 1 mg given intravenously).
Epinephrine produced ventricular fibrillation after the administration of both atropine and phentolamine. In this last course, a femoral intra-arterial pressure monitor recorded extrasystoles which were apparently pressure-related ( fig. 8 ). Fibrillation occurred when the pressure reached the 180 mm Hg level ( fig. 9) . A difference between the ECG during the induction of fibrillation by epinephrine alone ( fig. 5 ) and the present tr-acingys (figs. 8 and 9) is that after the alpha-adreneriUn blocking agent the T waves did not peak ( tlhis observation possibly suggests the 111i -c of hyperpotassemia). 10 Propranolol, 1 mg, was given intravenously and fibrillation was not produced by the subsequent administration of epinephrine. The administration of isoproterenol, however, did not produce ventricular fibrillation so it is assumed that this action of propranolol in preventing ventricular arrhythmia is not mediated through beta-adrenergic blockade but through its direct antiarrhythmic properties. '1 The preceding study demonstrated that ventricular arrhythmia was precipitated by three different mechanisms: (1) an increase in the systemic blood pressure (pressure induced extrasystoles); (2) sinus tachycardia (when the impulse reaches the ventricles still in a depolarized state); and (3) an extrasystole produced in the supernormal phase of repolarization (R in T syndrome).
Discussion
Etiologic considerations regarding the prolonged Q-T interval have included:
(1) vagal disturbance;'2 (2) absence or anomaly of the Purkinje fibers;'3' 14 (3) asymmetrical sympathetic neural stimulation of the Figure 8 After phentolamine, 0.1 mg/kg, was given I.V. in case 1, epinephrine, 0.005 mg/kg, was given. Pressure related extrasystoles were recorded. ventricular myocardium;'5 and (4) incapacity for normal repolarization of the myocardium due to a metabolic abnormality.16
The effect of the vagal influence is to slow or stop sinus impulse formation and to produce A-V conduction delay or block. Syncope produced by reflex vagal activity is usually associated with asystole rather than ventricular fibrillation. Vagal activity could act indirectly to prolong the Q-T interval through its effect on heart rate. In our cases, however, the Q-T interval remained prolonged and was independent of the R-R interval.
If, on the other hand, the prolongation of the Q-T interval were due to the absence of Purkinje fibers, the QRS complex should be widened and the conduction abnormality should remain relatively constant rather than variable as it did in our patients. Asymmetrical neural stimulation of the myocardium has been demonstrated in the dog to produce changes in the Q-T interval and the T-wave similar to those found in our patients. It is not, however, possible to duplicate in the human subject the studies of Yanowitz and associates. 15 The last possibility, that of an underlying metabolic disturbance, is the explanation most consistent with the findings derived from the present experimental design. A metabolic abnormality is suggested by the occurrence of alternately positive and negative T waves ( fig.  10 ) and the marked variability in configuration of the T waves at different times of the day ( fig. 11 ), which could represent variabil-Circulation, Volume XLI, January 1970 ity in repolarization secondary to changing functional demands of the heart.
The last part of phase 3 in the monophasic action potential corresponds to the supernormal phase in which the myocardium is hyperirritable.'7 An extrasystole reaching the heart at this moment could produce an episode of ventricular tachycardia or fibrillation ( fig. 12 ). This phenomenon, seen in the ECG, is known as the "R-in-T" syndrome and has been described by Smirk and Palmer'8 and Dolara. '9 Treatment with digitalis has been advocated for patients with a prolonged Q-T interval. Digitalis decreased the Q-T interval in our patient and changed the T-wave morphology but did not prevent episodes of ventricular fibrillation. Figure 11 lih moL?/phology of thte T wcaves of case I ratt-ed (it diffetwunt hours of the day. otis exercise, suich as swiiunning ant-d sunninig (cases 1, 2 an-id 3) or excitenient (case 1). Withi the develo)nmetit of tachyycacrdia ini theese cases, the Q-T interxval eitl-her remi-iainis the sam-ne or Iecomes evern miiore prolonged,2' whlile the P wave ino-ves over tlhe T wave and the P-R interval becomes shorter. Th-ius, at the momaent the atrial stirmulus teaches the venitricles in the suiperie)rmlal phlacse, tlhe arrlhxythinia is prodtuced. In 1964, C-ainsstorp) and a,C:ssoci ates21 reported on a famiiily witlh proloniged Q-T interval, cardiac arrl-iythlnias, and hy popotasseimia withiout deafness. These patienits imiproved with tlhe admtinistration of potassium. All of our patients have ncormiial levels of serumn potassiuim, aind the arrhythmia iii ours index case was niot prevente by adminiistratioon of potassiumi-i.
The evideniee of direct ti aussnission: in all families witlh proloniged Q-T interval arid normal hearing,4~consistent with auitosoial dominant inheritanice, leads the auithors to propose that this is a syindromne distinct frorm the Jervell and Lange-Nielsen syndrome vlsIich follows ani autosomal recessive pattern lAnld hlas the additional defect of congeniital decfness.
Trhe demonstration of the efficacy of propranolol in previenting xventricular arrhythmia iti tlthe inidex case cappeared to provide the a-sw-e-r four a prophylactic drug for affected ncinhers of this family. After determination of th-te optimal oral dosage for each patient, thley havse all been m-laintained free of HERITABLE Q-T PROLONGATION 
Figure 12
An episode of ventricular tachycardia was produced in case 1, when a ventricuilar complex occurred during the late part of the T wave (R in T syndrome). letteratura pediatrica italiana). Clin Pediat 45: 656, 1963 5. WARD OC: A new familial cardiac syndrome in children. J Irish Med Ass 54: 103, 1964
